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The present invention relates to polypeptides, and in particular molecules capable 
of stabiiising native conformations of a polypeptide. 

BACKGROUND. TO THE iNVENf tON 

The maintenance of a tertiary stracture is cmcial|g^rotein activity. Thus, the 
conformation of a plays an essential part in its ability to bind hnother molecule, or for its 
enzymatic activity. When protein conformation is disrupted, for example, by denaturation, 
activity may be lost. 

The tumour suppressor protein P 53 plays a key role in the protection of cells from 
cancer. It is a transcription factor, which exists in low levels in normal cells and is induced 
in response to DMA damage or to other conditions under which there is a danger to normal 
cell growth (reviewed in Hupp et al., 2000; Sigal and Rotter, 2000). Following the 
increase in its cellular level, p53 activates several genes, and triggers cellular processes 

that prevent the proliferation of the genetically impaired cells. This is achieved by 

mediating cell-cycle arrest or by apoptosis. 

More than 50% of human cancers have mis-sense mutations in" the gene coding for 
P 53 that result in its inactivation (Hainaut and Holistein, 2000). Nearly all such mutations 
are in the DNA-binding core domain (Hainaut and Holistein, 2000). The six most frequent 
cancer-associated mutations are the "hot-spots" R175H, G245S, R248Q, R249S, R273H 
and R282W. Based on the crystal structure of p53 core domain (Cho et at., 1994), these 
mutations can be divided into two categories: (1) DNA-contact mutations (R248 and 
R273) 5 which result in loss of DNA-binding residues, and (2) "structural mutations", 
which result in structural changes in p53 core domain that can range from local distortion 
to complete unfolding. A new assessment of the mutation database (Bullock et <rf, 2000), 
based on thermodynamic stability and DNA binding properties of the mutants, classifies 
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three broad phenotypes: (I) DNA-contact mutations that have little effect on 
folding/stability (e.g. R273H) (ii) mutations that cause a local distortion, mainly in 
proximity to the DNA binding site (e.g. R249S, which are usually destabilised by <2 
kcal/mol); and (iii) mutations that cause global unfolding (e.g. mutations in the core 
5 domain p sandwich) that are destabilised by >3 kcal/mol (eg 1 1 95T). 

Activation of mutant core domain by short peptides derived from the regulatory C 
terminal domain of p53 (Abarcua at a/, 1996; Hupp et cd., 1995; Selivanova et ah, 1997; 
Selivanova et aL 9 1999) has been proposed as a means to stabilise p53. These peptides 
work by specifically regulating the core domain activity rather than stabilising it, 
1 0 Accordingly, such prior polypeptides are not relevant to the invention disclosed here. 

It is a problem in the art to provide a means to rescue p53 mutants, and other 
mutants in tumour suppressor proteins, to restore tumour suppression activity for cancer 
therapy. Mutations in oncogenes are also known to cause tumour activity. It is a further 
problem in the art to provide means to rescue such oncogenic mutations. 



is Summary 

We have realised fox the first time that different classes of mutants of tumour 
suppressor proteins and oncogene proteins require different rescue strategies. In order to 
rescue DNA contact mutants of tumour suppressor proteins, for example, there is a need to 
introduce functional groups that will establish new contacts with the DNA, compensating 
20 for the missing contacts. We have discovered that rescue of globally unfolded or locally 
distorted mutants may be achieved by stabilisation that will lead to refolding of the 
mutant, which in turn will lead to restoration of the wild-type p53 activity. 

It has been reported that the rescue of mutant p53 may be achieved by small 
molecules, e.g. CP-31398. CP-31398 is said to stabilise only newly synthesised p53 that is 
25 in the active conformation, which then allows the time dependent accumulation of this 
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fraction (Foster et aL z Science, vol 286, 1 999, 2507-2510). However, we and others have 
not found that CP-3 1398 docs not in fact work to stabilise active conformatioas of p53. 

We therefore provide for the first time a molecule which is capable of binding a 
native conformation of a protein, such that the binding stabilises the native conformation. 
5 We term such a molecule a "stabilising molecule". Stabilisation of the native conformation 
enables the equilibrium between an unfolded, denatured and/or inactive conformation of 
the polypeptide and a properly folded, native and active form to shift towards the latter. 
Accumulation of native protein therefore results. 

There is provided, according to a second aspect of the present invention, a method 
1 0 of increasing the concentration of a native state of a xeversibly denatured polypeptide in a 
system, in which the system comprises the polypeptide in a first native state and a second 
denatured state, the method comprising: (a) providing a stabilising molecule which binds 
to the polypeptide at a site which at least partially overlaps a functional site in the first 
native state and thereby stabilising the first native state of the polypeptide; and (b) 
1 5 allowing the stabilising molecule to bind to the polypeptide . 

We provide, according to a third aspect of the present invention, a method of 
restoring a wild type phenotype of an organism comprising a mutation in a polypeptide, in 
which the mutation leads to denatuiation of the polypeptide and a mutant phenotype, the 
method comprising exposing the organism or part of the organism to a stabilising 
20 molecule which binds to the polypeptide at a site which at least partially overlaps a 

functional site in its native state and thereby stabilises the native state of the polypeptide. 

As a fourth aspect of the present invention, there is provided a method of treatment 
of a disease in a patient, in which the disease is caused by or associated with a mutation in 
a polypeptide which leads to denaturation of the polypeptide a the method comprising 
25 administering to the patient a stabilising molecule which binds to the polypeptide at a site 
which at least partially overlaps a functional site in its native state and thereby stabilises 
the native state of the polypeptide. 
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In a preferred embodiment, the stabilising molecule is not a natural binding partner 
of the polypeptide. Preferably, the stabilising molecule consists of a fragment of a natural 
binding partner of the polypeptide. More preferably, the stabilising molecule is a 
polypeptide engineered to include a polypeptide binding domain, preferably a binding 
5 loop, of a natural binding partner of the polypeptide. 

The stabilising molecule may be exposed to polypeptide or the system in presence 
of a natural binding partner of the polypeptide. Preferably, the affinity of binding between 
stabilising molecule and the polypeptide or binding site is less than the affinity of a natural 
binding partner of the polypeptide and the polypeptide or the binding site. More 
10 preferably, binding between the stabilising molecule and the binding site stabilises the 

polypeptide to enable binding between the polypeptide and a natural binding partner. Most 
preferably, binding between the polypeptide and the natural binding partner stabilises the 
native state of the polypeptide. 

We provide, according to a fifth aspect of the present invention, a method of 
1 5 assisting the binding between a polypeptide and a natural binding partner for the 

polypeptide, the method comprising stabilising a native state of the polypeptide by a 
method according to any preceding claim, and exposing the stabilised polypeptide to the 
natural binding partner. 

The present invention, in a sixth aspect, provides a method of assisting the binding 
20 between a polypeptide and a first molecule, in which the polypeptide exists in a native 
state and a denatured state, the method comprising: (a) providing a second stabilising 
molecule capable of binding to a site which at least partially overlaps a functional site in 
the native state of the polypeptide; (b) allowing the second stabilising molecule to bind to 
the polypeptide to form a complex and thereby stabilising the native state of the 
25 polypeptide; (c) exposing the polypeptide and bound second stabilising molecule complex 
to the first molecule; and (d) allowing the first molecule to bind to the polypeptide and 
thereby displacing the second stabilising molecule. 
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The functional site preferably comprises or at least partially overlaps with o a 
structural domain, a protein binding domain, a nucleic acid binding domain, or an active 
site of an enzyme. More preferably, the functional site is essential to the structure or 
activity, or both, of the polypeptide. 

5 In a highly preferred embodiment of the invention, the polypeptide comprises an 

oncogenic protein or a tumour suppressor protein. Preferably, the polypeptide is p53. More 
preferably, the polypeptide is p53 which comprises a mutation, preferably R175H, G245S, 
R248Q, R249S, R273H, R282W and I195T in which the mutation leads to reversible 
denaturation of the polypeptide. 

10 The stabilising molecule may comprise a CDB3 polypeptide having the sequence 

REDEDEIEW. 



In a seventh aspect of the present invention, there is provided a stabilising 
molecule which binds to and stabilises the native state of a polypeptide, but not a 
denatured state of the polypeptide, in which the stabilising molecule binds to a site which 
\ 5 at least partially overlaps a functional site of the polypeptide, and in which the stabilising 
molecule does not consist of a natural binding partner of the polypeptide. 

Preferabiy > the polypeptide is p53. More preferably, the polypeptide is p53 which 
comprises a mutation, preferably R175H, G245S, R24BQ, R249S, R273H, R282W and 
I195T in which the mutation leads to reversible derxaturation of the polypeptide. Most 
20 preferably, the stabilising molecule comprises a CDB3 polypeptide having the sequence 
REDEDEIEW. 



According to an eighth aspect of the present invention, we provide a method of 
identifying a stabilising molecule capable of stabilising a polypeptide, in which the 
polypeptide may be reversibly denatured such that it exists in a native state and a 
25 denatured state, the method comprising the steps of: (a) providing a native state of the 
polypeptide comprising a functional site; (b) exposing the polypeptide to a candidate 
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Rising molecule; (c) selecting a candid** stabilising molecule which bmds to astte 
w hich at lea,, partial* overlaps a functional site of the native *» of tha po.ypapt.de; and 
(d) determining whether such binding stabilises tha native state of the polypaptida. 

We provide, according to a ninth aspect of the invention, a method of identifying a 
, stabilising molecuk capable of Villains a polypeptide, in which the polypeptide may be 
reversibly denatured such ma. it exists in a native aula and a denied state, the method 
comprising** steps oft (a) identifying afunctional site of me polypeptide andpmvtdtnga 
polypeptide fragment comprising the functional site; (h) selecting a candidate stebmstng 

„ a functional site; CO determinmg whefher the selected candidate stabilising molecule 
stabilises a native state of a polypeptide. 

The polypeptide fragment W comprise the functional site includes abinding site 
for a natural binding partner of the polypeptide . 

There is provided, in accordance wim a tenth aspect of the present invention, a 

15 Rising molecule^ 

arding to the previous two aspects of the invention. 



accor 



A stabilising molecule as described here preferably comprises a natural or 
dcrivatteed carbohydrate, protein, polypeptide, peptide, glycoprotein, nucleic acid. DNA, 
RNA, oligonucleotide or protein-nucleic acid (PNA). The methods as described here may 
20 employ such a derived or natural sensing molecule. More preferably, tire atabmsmg 
nmlectue is derivatised wim a sugar, phosphate, amine, amide, sulphate, aulphrde, btotin, 
fluorophore or a ehromophore. Mos, preferably, the stabilising molecule is derivalised 
using a fluorophore. preferably fluorescein. 

The binding of a stabilising molecule to the polypeptide may be detected using 
25 NMR spectiuscopy, preferably heteronuclear NMR spectroscopy, *»«»»-» 

amaotropy, surface plasmon resonance, or Differential Scanning Calorimetiy (DSC). 
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^^^^^^^^^^ 

pharmaceutical composinon comprising —* - 
with a phannaceutauly acceptable carrier, diluent or exrp.ent 

Ac^.oJthineerA^tofti.eprescn.mv^wepiPVid^of 



a disease. 



10 



There is provided, according to a fourth aspect of the present invention, use of 
a stabilising molecule as described here in the treatment of disease. In a highly preferred 
embodiment of the invention, the disease is cancer. 



Brief I>E$ritn>TioN of tht- Figures 



15 



20 



Figure 1 shows the crystal structure of the p53 core domain (blue)-53B?2 (red) 

derived peptide, synthesized for On, study highli^ed : CDB1 (resrdues 422^28) - *een. 
CDB2 (residues 469-477) - yellow, CDB3 (residues 49(M98)- purple. Picture . 
generated using swissPDB viewer (Guex and Peitsch, 1997). 

Figure 2 shows a 1H, UN HSQC spectra of p53 core domain in the presence (red) 
and the absence (black, of CDB3. Selected residues Me show significant chemical A* 
deviation in presence of CDB3 are highlighted. 

Fleur e3: shows urebindingofpSB core domain ro tmroobilisM peptides analysed 
by surface plasraon resonance, (a) Screening for p53 core domain binding pept.de, 
Biotinylated peptides are immobilised on a atmptavidin BlAcore ehrp arri p53 core 
domam(7.2 rrM)!, injecred. The values shownare normalised by .he response npon p53 
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injection to the flow channel without any immobilised peptide. 
^Conc^ation dependence of P 53 core domain binding to n— ed Mb. 
c) Titration of CDB3 binding to P 53 core domainby competition 

♦ ^noffree^S .ore domaia (reflected by association rate m binding to 
concents of free P 5 core _l core dom^n 

immobilized CDB3) is analyzed by BlAcore alter incu^ 
and various concentrations of free CDB3. 

, u ' Q icWft changes ( S) in p53 core domain upon binding 
Figure 4 shows the chemical shift changes k o } y 

toCDB3 (ai'Hand^Chemi^sbttde^^ 

and 5 times the standard deviation (0.125< 3<0.25 PP mfor N, 0-025< 3 PP* 

S arc considered as minor (light grey background), and 3 differences below 2.5 nmes 

- f C J 125 P pm for lS N and 3<0-025 PP m for 'H) are consuiered 
the standard deviation ( a<U.i^5ppm^ 

insignificant (dark grey background). 

cb an g es are coloured porpie «k. residue, - *»■■ are coioured yeUc». CDB 
(GorinaandPavIetich, 1996)). 

Coition experiment where unUbeW or belated CBB3 
fl uorLei»-laboledCDB3 a»d2.0 pMp53 core do^n rvrM-rype <P " 
« 2.6 - unlabeled CDB3, redely, and 0.24 - b.onoytaed CDB3). 

Fi „ u „ 6 sbows *. —ion or p53 core by FL-CDB3. » di*— 

^«-^ r --'r: Md ^^™^. F or 

A fPT rnR3 is detennined as described m matenais anu! 
presence or absence or is «^ 
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the wild-type core domain r m =40. 1 «C in the absence of the peptide and 41 .6 X in its 
presence. For R249S r m =34.9 °C in the absence of the peptide and 35.9 X in its presence. 
Raw data are show and are offset for clarity, (b-c) Urea dependence of p53-CDB3 
binding. Wild-type P 53 core domain is titrated into fluorescein-labeled CDB3 in presence • 

5 of increasing urea concentrations, and changes in anisotropy are monitored, (b) anisotropy 
titration curves under various urea concentrations (c) log K d for the p53 core domain- 
CDB3 interaction versus urea concentration (d) CDB3 induces refolding of P 53 core 
domain. Wild-type p53 core domain is pi-incubated overnight with 3 M urea, then mixed 
with fluorescein-labeled CDB3 and the anisotropy change over time is monitored. As a 

l0 control,, the same protein is mixed with 3M urea and with fluorescein-labeled CDB3 
without pre-incubation and anisotropy changes over time are monitored. 

Figure 7: shows the "Chaperone" strategy for rescue of P 53. (a) DMA competes 
with FL-CDB3 on p53 core domain binding. 30-mer gadd-45 DNA (+ = 25uM, =5uM) 
was titrated into a mixture of p53 core domam-FI.CDB3 as described in materials and 
15 methods. <b)CDB3 restores DNA binding to the 1 1 95T mutant. II 95T (1 0[iM) was 

preincubated for 1 h in the presence (P) and the absence (x) of lOOuM CDB3 and titrated 
into 1 5 nM fluorescein-labeled 30-mer Gadd45 DNA. Dissociation constants were 
calculated from a fit to a 1:1 binding model, (c) A schematic model of the proposed 
mechanism of action for CDB3 . See text for details. 

2b Pet ailed Descriptio n of the Invention 

The invention relies on the provision of a stabilising molecule which is capable of 
binding to a native form of a polypeptide, thereby stabilising it. 

Where the polypeptide exists in equilibrium between a native, properly folded or 
active form and a denatured, unfolded or inactive form, binding of the stabilising molecule 
25 to the native form of the polypeptide stabilises it and drive, the equilibrium towards the 
folded, active or native form. Thus, the stabilising molecule is capable of increasing the 
relative concentration of a native form of a polypeptide as compared to a denatured form. 
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Such a stabilising molecule will bind the native, but not the denatured state of the 
polypeptide. The law of mass dictates that in such a case the equilibrium will be shifted 
towards the native state and the amount of active protein will increase. 

Preferably, the polypeptide is reversibly denatured. In other words, a proportion of 
th« polypeptide molecules in any system is in the native, folded, or active form, and a 
proportion of the polypeptide molecules is in the inactive, unfolded (whether partially or 
fully) or denatured form- Such denaroration may arise though various means, and the 
invention is suitable for use in any of these situations. Thus, the polypeptide may be 
exposed to an environment which results in its denaturation; for example, by being 
exposed to a non-physiological environment. The polypeptide may be oxidised by 
exposure to air, or denatured by exposure to heat, high or low salt concentrations, etc. The 
polypeptide may be denatured by virtue of a co-factor being removed from it. 

In a highly preferred embodiment, however, the reversible denaturatkm of the 
polypeptide results from genetic mutation. Thus, a mutation in the sequence of the 
polypeptide results in its destabilisation and tendency to denature. Preferably, such a 
mutation results in loss of activity of the polypeptide. The mutation may result in a mutant 
phenotype of the polypeptide, or cell, tissue or organism comprising the mutant 
phenotype, such a mutant phenotype being different in some detectable way from a wild 
type phenotype associated with a unmutatated or wild type polypeptide. The methods of 
our invention are therefore suitable for rescuing such a mutant phenotype. These methods 
may also be used to rescue a mutant form of a protein, for example, an oncogene protein 
or a tumour suppressor protein, by a stabilising molecule binding to the native state of the 
protein, but not the denatured state, and thereby shifting the equilibruim -hich exists 
between the two forms to the native state, 

It is known that mutated forms of oncogenes and tumour suppressor proteins are 
involved in tumourogenesis. As noted above, such mutations may lead to partial 
denaturation of the polypeptide aud loss of activity. Therefore the methods of our 
invention are suitable for stabilising such mutated oncogenes and/or tumour suppressor 
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protons and restoring wild type activity- Accordingly, the methods described here are 
suitable for rescuing wild type activity of oncogenes and tumour suppressors, and hence of 
preventing tumourogenesis and/or cancer. Preferably, the oncogene comprises P 21ra S> or 
any other- oncogene known in the art. Preferably, the tumour suppressor comprise* p53 or 
5 retinoblastoma protein. The P 53 may comprise a mutation leading to partial denature 
preferably reversible denaturation. Examples of such mutations include R175H, G24SS, 
R248Q, R249S, R273H and R282W.'. 

Furthermore, it is known that many diseases are caused by or associated with 
polypeptide mutations, which mutations may lead to destabilisation and reversible 
,0 denaturation of me protein. Administration of a stabilising molecule as described here to a 
patient suffering from such a disease will stabilise the native form of the polypeptide, and 
increase the amount or relative concentration of the native form over the denatured form. 
Accordingly, administration of stabilising molecules may be used to treat diseases 
associated with or caused by such mutations. 



20 



In a highly preferred embodiment, the stabilising molecule binds to a site winch 
comprises or at least partially overlaps a functional site in the polypeptide. Preferably, the 
site at which the stabilising molecule binds overlaps or consists of the functional site. Such 
a functional site preferably comprises a site which is essential for a relevant activity of the 
polypeptide. The functional site may also be essential for the structure of the polypeptide. 
The functional site may be an interaction site, which interacts with another molecule m the 
cell, such as a natural binding partner of the polypeptide including another polypeptide, a 
small molecule, a ligand, a macromolecule, a nucleic acid, etc. 

Examples of such functional sites include active sites, or substrate binding sites, 
where the polypeptide is an enzyme. In the case of binding proteins, the functional SJ te 
25 comprises, or at least overlaps, abinding site or binding domain of the polypeptide. Thus, 
in the case of nucleic acid binding sites, the functional site comprises a nucleic acxd 
binding she, stt* as a DN A binding site in a DNA binding protein, or an FN A binding 
site in a RNA binding protein. Where the polypeptide interacts with another pclypept.de, 
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has polypeptide binding activity, the functional site preferably comprises a 
polypeptide interaction domain or sequence, i.e., it includes, overlaps, or is a sequence 
which interacts with another polypeptide. 

Preferably, therefore the stabilisation of the native state of the polypeptide enables 
5 the binding of another molecule to the polypeptide. This other molecule is preferably a 
different molecule or unrelated molecule to the stabilising molecule. Thus, stabilisation of 
the polypeptide by the stabilising molecule preferably enables a proper conformation of 
the functional she to be maintained in the polypeptide, to allow the binding of the other 
molecule. Preferably, the other molecule is a natural binding partner of the polypeptide, 
10 for example, a DNA where the polypeptide is a DMA binding protein. 

Thus, the stabilising molecule is capable of competing with the binding of a natural 
" binding partner of the polypeptide for binding to the polypeptide or the functional site. 
Preferably, however, the affinity of binding of the stabilising molecule to the polypeptide 
is less than the affinity of binding of a natural binding partner to the polypeptide. Thus, the 
15 natural binding partner is capable of displacing the stabilising molecule from the 

functional site, or the binding site of the natural binding partner. Thus, in this preferred 
embodiment, the binding of the stabilising molecule to the polypeptide stabilises the native 
state of the polypeptide for long enough to enable binding of the natural binding partner to 
the polypeptide. 

20 Binding of the stabilising molecule to the native state shifts the equilibrium to this 

state. Preferably, therefore, the stabilising molecule does not require energy for its 
stabilising stabilising activity. The stabilising molecule as described here does not actively 
refold the polypeptide, in contrast to classic chaperone activity. 

Preferably, the functional site exists only in the native, active or properly folded 
25 form of the polypeptide. More preferably, the functional site does not exist in the 

denatured form of the polypeptide. Preferably, the affinity of binding of the stabilising 
molecule to the native form of the polypeptide is greater than the affinity of binding to the 
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denatured form of the polypeptide. In a highly preferred embodiment, the stabilising 
molecule substantially only binds to the native form and not the denatured form of the 
polypeptide. 

While small stabilising molecules are included, preferred stabilising molecules 
comprise polypeptides, preferably derived from natural binding partners of the polypeptide 
to be stabilised. This overcomes the difficulty and expense of synthesising small 
molecules. In addition, it is often difficult to scale up the synthesis procedure of identified 
small molecul&s. 

Although natural binding partners of the polypeptide to be stabilised may be used 
as stabilising molecules, a highly preferred embodiment relies on the use of a tfabdiang 
molecule which is not a natural binding partner of the polypeptide. By this we mean that 
the stabilising molecule is preferably an engineered molecule, which does not exist in 
nature, but which is capable of binding to the polypeptide in its native form and stamhsmg 
it. Engineered stabilising molecules may be generated by means known in the art, 
including recombinant DNA technology. They preferably comprise or consist of fragments 
of natural binding partners, preferably fragments comprising binding activity. Thus, for 
example, where the stabilising molecule is a polypeptide, this suitably consists of or 
comprises a polypeptide binding sequence, loop or domain- An example of this is a 
stabilising molecule consisting of CDB3, which is a fragment of a P 53 binding 
20 • polypeptide 53BP2 (accession number NMJ>05426. 1 ). 

One skilled in the art will appreciate that the stabilising molecule may act in 
isolation in the rescue of mutant proteins. Alternatively, it may act in conjunction with 
another peptide, or other stabilising molecule in the rescue of the protein. There may be an 
additive effect between one or more peptides or molecules, alternatively they may act 
25 synergisticaJly. 

In a-preferred embodiment, the polypeptide is an oncogenic protein or a tumour 
suppressor protein, preferably a mutant oncogenic protein or a mutant tumour suppressor 



15 
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protein. Advantageously, the protein is p53, preferably a mutant of p53. The tumour 
suppressor protein may comprise retinoblastoma protein (H* Those skilled in the art mil 
appreciate this list is by no means exhaustive. 



The binding of the stabilising molecule to the native polypeptide may 



detected 



5 using any suitable means known in the art. Preferred means include physical methods such 
as NMR spectroscopy. In a preferred embodiment the NMR involves the use of 
heteronuclear NMR spectroscopy. The binding may also be detected using surface 
plasmon resonance. Alternatively, the binding of the stabilising molecule to the nauve 
form of the polypeptide is detected using D^fferential Scanning Calorimetry (DSC) and or 
50 fluorescence auisotxopy. All of these methods will be familiarto those skilled in the art 
and are described in detail in this document. 

In an alternative embodiment, the binding of the stabilising molecule to each state 
of the polypeptide, i.e., native or denatured, may be detected by examining the fraction of 
the polypeptide sample which expresses an epitope for one or more monoclonal 
15 antibodies, which epitopes axe only present in one form of the polypeptide. Other suitable 
methods for detecting conformational changes in proteins include, but are not Unfed to 
electrophoresis and thin-layer chromatography. Those skilled in the art will be aware of 
other suitable methods. 

In a particular embodiment, the polypeptide comprises a DNA binding protein. A 
20 mutated form of the DNA binding polypeptide comprises a denatured form which is 

incapable of binding DMA. A stabilising molecule is provided whichbinds an unfolded or 
distorted oncogenic protein which « unable to bind DNA »d shifts the equilibruim which 
exists between me denatured state and the native 'wild-type' state towards the latter. DNA 
can then bind the mutated protein, displacing the molecule, winch is preferably a peptide, 
25 so that it is free again to bind another protein molecule. 

In a preferred embodiment, denatumtion of a polypeptide arises from mutation in 
the polypeptide. Such mutations may cause a local structural distortion, compared with the 



1 0022026 21- Nov- 01 03: 34 | 



21/11/2001 15:14 +4402380719800 



DYOUNG 



PAGE 18/71 



r 



10 



15 



15 



20 



25 



wild type. In the context of DNA binding proteins, mutant proteins may comprise 
mutations mainly in close proximity to the DNA binding site- Typically mutant proteins of 
this type will be destabilised by less than 2 kcal/mol. The term 'mutant protein' also 
includes within its scope proteins possessing those mutations which cause global 
unfolding, for example in the core domain beta sandwich of a DNA binding protein such 
as p53. Typically mutant proteins of this type will be destabilised by greater than 
3kcaVmoL The term 'mutant protein' as herein defined does.not include within its scope 
contact mutants which have little effect on folding or stability of the protein. 

Core domain in the context of this document describe a region of a protein, 
preferably a P 53 protein, which generally has a defined secondary and/or tertiary amino- 
acid conformation. It is generally structurally stable in the absence of the remainder of the 
protein, and advantageously confers structural stability on the protein. Mutations wtfain 
this region will often cause structural instability and partial or total unfolding of the 
protein and/or loss of functional activity. 

An oncogenic protein includes a protein which plays a role in the onset or 
maintenance of cancer. In addition, in the context of this document the term 'oncogenic 
protein' also includes within its scope proteins which have a role in the suppression andVor 
prevention of me onset or maintenance of cancer. Oncogenic proteins of this sort mclude 
tumour suppressor proteins, such as p 53 . 

A polypeptide in a "native State" may include a conformation which corresponds to 
the conformation of a wild-type polypeptide. The polypeptide may comprise a well- 
defined three dimensional structure, and may comprise a native biological and/or bmdmg 
activity. A "denatured polypeptide" in the context of this document describes a protem 
which is at least partially structurally distorted, and/or unfolded as compared wuh the 
native/wild type protein. Generally, denatured proteins have at least a partial loss and/or 
altered biological activity as compared with the wild type or native protein. 
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A polypeptide, preferably a mulant polypeptide, is "rescued" when the proportion 
of native (versus denatured) polypeptide under a certain set of conditions is increased as . 
comparedto an uu-rescued polypeptide. The normal biological and/orbiading activtfy 
and/or structure native form of the protein may be restored, preferably to a substantial 
number of polypeptide molecules. Advantageously, a proportion of polypeptide molecules 

which are rescued have the same structural conformation as the wild-type or native 
protein. Preferably, the methods describedhere are capable of increasing the proportion of 
native polypeptide by 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or more. 
Preferably, 50% or more, preferably 60%, 70%, 80%, 90% f 95% or more of me molecules 

in a polypeptide population are in the native state. Most preferably, substantially all of the 

polypeptide molecules in a population are in the native state. 

Unless defined otherwise, all technical and scientific terms used herein have the 
same meaning as commonly understood by one of ordinary skill in the art (e.g., in cell 
culture, molecular genetics, nucleic acid chemistry-, hybridisation techniques and 
biochemistry). Standard techniques are used for molecular, genetic and biochemical 
methods (see generally, Sambrook et al., Molecular Cloning: A Laboratory Manual, 2d ed. 
(1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. and Ausubel et 
al. , Short Protocols in Molecular Biology (1 999) 4 th Ed, John Wiley * Sons, Inc. which 
are incorporated herein by reference) and chemical methods. In addition Harlow & Lane., 
A Laboratory Manual Cold Spring Harbor, N.Y, is referred to for standard Immunologrcal 
Techniques. 

Stabilising Molecule 

Stabilising molecules are capable of binding to the native form of the polypeptide 
in question. The binding site of the stabilising molecule may overlap at least partially with 
i a functional site of tire protein, or it may comprise or be comprised in the functional site. 

The binding of the stabilising molecule to the polypeptide must be such that it 
stabilises the native form of the polypeptide. Thus, the binding site for the stabilising 
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molecule need, to be present in th. native •» <* *. *» 
si* of ft. stabilising moleeole is not present in a -tenant fom. of the poIynept.de. 
However. -here ftis is ft. casa, ft. sttbiBsing molecule should bind to the native form 
with a higher affinity than the denatured form; i.e., it should bind preferentially ft -he 
5 native form of the polypeptide. 

The binding of the stabilising molecule to the binding site, or the polypeptide, may 
occur by any known mechanism, e.g., by ionie, covalent, polar bonds, salt bridges, van der 
Waals interactions, hydrophobic interactions, etc. Tbe stabilising molecule may stable 
the polypeptide by maintaining it in a certain conformation, or by inducmg a 
,o conformational change, etc. The mechanism by which the stabilising molecule stabiles 
the native form of the polypeptide is not crucial, only that it does so when bound to the 
polypeptide. Preferably, the stabilising molecule does not bind to the denatured form, or 
where it does so (with less affinity as noted above), it does not stabilise the denatured form 
to any substantial extent. Where stabilisation does occur, the denatured form is stabilised 
15 to a lesser extent tban stabilisation of the native form- 

Where reference is made to "stabilisation" of a polypeptide or a form of a 
polypeptide, this is to be taken to mean that the polypeptide or form is less susceptible to 
unfolding or conversion into another form than otherwise. A Stabilised polypeptide will 
preferably have a higher melting point <T*0 than an unstabilised polypeptide. Thus, 
20 stabilisation of polypeptide raises its apparent T„. Preferably, the T rt is raised by 0.5, 1, 
1 .5, 2, 2.5, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30 or more degrees- Means for making T m 
measurements are known in the art. 

Stabilisation may also be assessed in terms of kCal/mol or equivalent 
measurements, for example kJ/mol. Preferably, a stabilised polypeptide has an increase of 
25 0 5 1 1 5 2 2.5, 3 or more kCal/mol or kJ/mol compared to an unstabilised molecule. 
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Stabilisation may also be usedto refer to a shift in c^libxium W one fonn of 
tbe polypeptides another. Thus, — -f * foOT of a polypeptide -ay m a 
higher proportion of polypeptides in a relevant population being in that form. 

Furthermore, stabilisation may also be assessed by the amount of time a particular 
form of polypeptide exists in one form compared to another. 

Stabilising molecules may be identified by various means. Suitable candidates may 
be identified from those molecules which bind to a polypeptide close to, or at an aenve or 
functional site. Candidates may be identified from known molecules which bind to the 
polypeptide in question. Such molecules may comprise polypeptides, small molecules, 
nucleic acids, etc. Fragments of such molecules, for example, fragments of a known 
binding polypeptide comprising for example the binding site, may be generated and 
screened. Fragments of the polypeptide to be stabilised itself may be generated as 
■ candidates alsol These can suitably include fragments wuSffi the polypepulte winch - 
mteract with the functional site to stabilise it, or which are involved in stabilismg the 
polypeptide as a whole, preferably by binding close to or at the binding site. In the specmc 
Examples presented below, candidate binding peptides ate generated from the P 53 
molecule itself, and assayed for stabilisation of p53. 

Assays to identify such molecules may be used, as known in the art For example, 
a library (such as a combinatorial library, Or a nucleic acid library, or a polypeptide 

, library, which may be expressed on a host by for example phage display) may be screened 
for binding to the polypeptide or a fragment of the polypeptide comprising the funcncnal 
site Mass screening may involve the use of arrays of candidate molecules, or 
polypeptides, or fragments of *e*e. Database searches for known binding molecul* .may 
be carried out to identify candidates. Binding assays may be carried out using ELISA, gel 

5 shift assays, or other methods as set cut in greater detail below. 

A "functional site" as the term is used here, refers to a site which is involved in 
maintaining a relevant activity of the polypeptide. Functional sites for many poly^ptrdes 



10022026 21-NQV-01 05:34 



21/11/2001 15:14 +4402388719800 



DYOUNG 



PAGE 22/71 



c 



19 



10 



are known, and are listed in protein databases or in the literature for the relevant 
polypeptide. Such functional sites may include binding sites, for example, sites which 
modulate binding of the polypeptide to another molecule, such as another polypeptide, 
nucleic acid, or other molecule such as a iigand. The functional site may also include a «te 
essential for the structure or activity of the polypeptide, whether this is binding actmty 
enzymatic activity or any other kind of activity. Methods for assaying such activities -11 
depend on the particular activity concerned, and will be known in the art 

Candidate molecules which arc identified may be tested for their ability to stabilise 
the native form of a polypeptide, by, for example, comparing the melting point of a 
polypeptide compared to a complex of the polypeptide and the candidate molecule. 



Nature of Stabilising Molecule 



15 



20 



25 



As used herein, the term "stabilising molecule" includes but is not limited to an 
atom or molecuk, wherein a molecule may be inorganic or organic, a biological effector 
molecule and/or a nucleic acid encoding an agent such as abiological effector molecule, a 
protein, a polypeptide, a peptide, a nucleic acid, a peptide nucleic acid (PNA), a virus, a 
virus-like particle, a nucleotide, a ribonucleotide, a synthetic analogue of a nucleotide, a 
synthetic analogue of a ribonucleotide, a modified nucleotide, a modified ribonucleotide, 
an amino acid, an amino acid analogue, a modified amino acid, a modified ammo acid 
analogue, a steroid, a proteoglycan, a lipid, a fatty acid and a carbohydrate. A stabilising 
molecule may be in solution or in suspension (a*; m crystalline-; colloidal- or other 

particulate form). The Stabilising molecule may be in the form of a monomer, aimer, 

oligomer, etc, or otherwise in a complex. 

The stabilising molecule may be labelled by a radio-isotope as known in the art, for 
example J2 P or 35 S or 99 Tc, or a molecule such as a nucleic acid, polypeptide, or other 
molecule as explained below conjugated with such a radio-isotope. The stabihsmg 
molecule nray be opaque to radiation, such as X-ray radiation. The stabilising molecule 
may also comprise a targeting means by which it is directed to a particular cell, tissue, 
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organ or other compartment within the body of an animal. For example, the stabilising 
molecule may comprise a radiolabeled antibody specific fox defined molecules, tissues 



or 



cells in an organism. 



20 



It will be appreciated that it is not necessary for a single stabilising molecule to be 
used, and that it is possible to utilise two or more stabilising molecuies for stabilising a 
polypeptide. Accordingly, the term "stabilising molecule" also includes mixture,, Wns, 
combinations and conjugates, of atoms, molecules etc as disclosed herein For example, an 
stabilising molecule may include but is not limited to: a nucleic acid combined with a 
polypeptide; two or more polypeptides conjugated to each Other; a protein conjugated to a 
biologically active molecule (which may be a small molecule such as a prodrug); or a 
combination of a biologically active molecule with an imaging agent. 

The term "stabilising molecule" may further refer to a molecule which has activity 
in a biological system, including, but not limited to, a protein, polypeptide or peptide 
including, but not limited to, a structural protein, an enzyme, a cytokine (such as an 
interferon and/or an interleukm) an antibiotic, a polyclonal or monoclonal antibody, or an 
effective part thereof, such as an Fv fragment, which antibody or part thereof may be 
natural, synthetic or humanised, a peptide hormone, a receptor, a signalling molecule or 
other nrotein; a nucleic acid, as defined below, including, but not limited to, an 
oligonucleotide or modified oligonucleotide, an antisense oligonucleotide or modified 
antisense oligopeptide, cDNA, genomic DNA, an artificial or natural chromosome (e,g- 
a yeast artificial chromosome) or a part thereof, RNA, including mRNA, tRNA, rRKA or 
a ribozyme, or a peptide nucleic acid (PNA); a virus or virus^e particles; a nucleotide or 
ribonucleotide or synthetic analogue thereof, which maybe modified or unmodified; an 
amino acid or analogue thereof, which may be modified or unmodified; a non-peptide 
(e g steroid) hormone; a proteoglycan; a lipid; or a carbohydrate. Small molecules, 
including inorganic and organic chemicals, are also of use in the present invention- 
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Binding Assays 

Binding of a MM, molecule to a polypeptide may detected using various 
means known in ft* a* including NMR poroscopy. In a pmfe^ed embodiment tire 

the NMR spectroscopy involves fluorescence anisotiopy. Alternatively, the binding of a 
stabilising molecule « a polypeptide is detected using surface plasmon resonance or 
Differential Scanning Caloiimertry (DSC). 

All of these methods will be familiar to those skilled in the an and will be 
described in de.aU, below. Although** description may re.ate to stabilising molecules for 
P 53 such as CDB3, the skilled person will be able to modify these to detect and quanitfy 
binding between a polypeptide and a stabilising molecule, or a candidate stabtltsmg 
molecule. 

Samples for NMR spectroscopy can be prepared using methods known to those 
skilled in the art. For example, samples for NMR experiments may contam ATWteted 
polypeptide such as p 53 core domain » a conc^anon of 22*M-M. 
stabiiising molecule such as a CDB peptide in a final concentration of 2-2.5 mM m 150 
mM KC1, 5 mM drthlothreirol (DTT), 5M W> to 25mM sodium phosphate btuTerpH 72. 
'H l *N HSQC spectra may be acoimd as described in (Wong etal., 1999). In cat* of the 
p 53 core domain -DN A complex, suitable DNAfbr use in the methods described here ,s 
the double stranded 12-mer consensus p53-binding sequence S'-GGAACATGITCC. 

Surface plasmon resonance measuremenrs may be performed using a BIACORE 
2000 using methods familiar to those skilled in the art. For example, it may be capped 
whh a sensor chip SA (BIAcore AB, Uppsala, Sweden) both to screen the polypeptide for 
binding cf stabilising molecule and to ratify the binding of the arnhiilsing molecule to 
, the polypeptide. For example. BIACORE may be used to screen peptides for p53 core 
domain binding, and to quantity the binding of p53 core domain to peptide CDB,. 
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Bioti nylateo MU, -* - CDB pep^ntay be ******* 

binding of ft. po.ypepude (in *is case p») can therefore be sratod. 

■ f 1 m ir. 20 uL/min before the immobilization of pepttdes. The btotinyia 
ttoi , C yclesoflmm,20|iL/min,o „ n 5 _ 4 0 mM (in btrffer as above with 

pepti des n,ay be dissolved to a fina, concenhapo .5 « «Mj ^ ^ 

addition of 0,3 M NaCl) »d can be - . abadcgromd for 
of saturation U Teached. In the above Example Flow cell 1 can be 
10 the change in bulk refractive index. 

In a particular example tdanngto V» - CDB3, to screenfor binding to 

^tratinns of t><3 core domain are analyzed (0.36-18 
mobilised peptide,, vanous concentrates of p., 

dM in buffer as above). The association phase is studied tor 15 mm v- 

pjvi in Dun r between each injection 

protein is dissociated by a regeneration cycle of 1-3 mm 

15 of p53 core domain. 

The binding affinity of P 53 core domain for immobilised OB3 la ^ 
«. half — n concern of bindin, isctorm varying 
core domain (0.019-0. 19 pM). The binding association is measured for 5 tntn a. 
I! ^-Ltobu^etoeseribedabov.tnosal.add^.Tberelanveresponsesu^ 

fitt cd to a two-aWe equation using to Kaleidagraph software (Abelbeck Software,. 

The binding affinity of solubie, unlabeled COB3 ,s studted 

a? 1996). 21 samples arc prepared, all containui b v r* r . ...r 

25 leJnon.ofCDBS^O-UO^.Bindins^lseoUectednra^o^ 

Rafter 1 h of in^audn at 20 The association phase * ^30 

Mowedby mgeneralionofto stnfaee aa described above. A control santp 
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cont^ngpxoteino^y is analysed., every5th sample 

reference. The initial association rate of biding is elated by fi^ng a Unear y^on to 
&efirs tl 5 0 S ofdatausingthaBIAevalu a tion3.l software (Biacore AB, Uppsala, 
Sweden). These data (Figure 3c), which describes the relative 

CO re domain, are analyzed according to a 1 : 1 binding model (Nieba * 1 996) usmg 
Kaleidagraph. Control experiments are carried out to verify that the measured assoctaUon 
rate of binding is proportional to concentration of P 53 core domain in the range of 0-19-1 .9 
,M (protein only) and that the effect of increased ionic strength (due to h lg h peptide 
concentration) does not significantly change the association rate (0-20 mMNaCl). 

Fluorescence Anisotropy may be used to measure anchor quantify binding. For 
example, experiments may be performed with fluorescein-labeled CDB3 (FL-CDB3, 
sequence FL-REDEDEIEW-NHs) at 10 °C using a Perkin-Elmer LS-50b luminescence 
spectroftuorimeter equipped with a Hamilton micrplab M dispenser controlled by 
laboratory software. It is not possible to make the titrations at physiological temperature, 
because of aggregation of the proteins. The peptide (-5 uM, 900 uX) is dissolved m 50 
mM Hepes buffer pH 7.2 which contains 5 mM DTT. Fluorescence anisotropy * 
measured on excitation at 480 nm (bandwidth 8 nm) and emission at 525 nm (bandwidth 
2.5 nm). The free peptide has an intrinsic anisotropy value of r=0.04, which increased to a 
limiting value of 0.20 upon adding p53 core domain. 

To determine the dissociation constant for CDB3 complied with various p53 
wild-type and mutant construct, as well as under different conditions, the following 
scheme is used: FL-CDB3 (900 A ~5 uM) is placed in the cuvette. The appropriate p53 
construct (240 ,1, -50 uM) is placed in the Hamilton microlab M dispenser syrmge. The 
temperature is maintained at 10 >C. Additions of 3 uL of protein are titrated into the 
, pepdde solution every ~1 min, the solution is stirred for 30 s and the anisotropy measured. 
The increase in anisotropy and the decrease in the total fluorescence are taken as 
proportional to the fluorescence contribution of the FE-CDB3- P 53 complex. 
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* ^FL-CDB3- P 53 comply are calculated 1>y fitting the 
Dissociation constants for tfce w» f _ 

. titration curves (corrected for dilution) to a simple l.l 
anisotropy and fluorescence titration curves ^ 

equilibrium model: 

p53+ FL-CDB3 Z**r complex 

5 fl> (2) 

fD531[ FL-CDB3 ] /[ complex] w 

10 concentration. 

The total fluorescence at a given titration step can be described by : 
ftrf- Wt FL-CDB3H FL-CDB33o^ lex ncom P lex]/[ FL-CDB3]o (4) 

And the total anisotropy at a given time * rc omDlex]/[ FL- 

WW W[ F^CDB3]/[ FL-CDB3]Q*Fu>tai + ^ iW- [com P lex]/[ 

JL fcr 1* of T„ e da« is fltfcd » <h= *ov= W -« Maiquatdl 

20 algorithm and laboratory software. 

— est- 

MM CDB3 » «»M into ■ «v-» — » ■ 90 ° ^ 2 ;° 90 , , he 

0.50 ||M FL-CDB3 in 80 steps of 3 jiLeach. Conxpedns pep* u added evcy s, 
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solution is sutre4 for 30 . 1 monhoring began afte, 60 , Ita. 

ooncenUarionaof unlabeled CDB3 , .3 and2.6 -) and one 

fcorinylated CDB3 (0.24 mM> n used. >n *« of DNA, stocx so,u«ons of 5 and 25pM 



are used. 
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H. concerns of p53 core domata-FL-CDBS complex and fiee FL-CDB3 

• /nnM rPi* resnectively") are calculated using equation 
before addition of competitor ([FP)o and [F]o, respects 

(3 ) and a given dissociation constant of O^M. The concentrate of free FL-CDB3 
the n ft addition of stock of competitor peptide, [F] tt , is estimated by 

<6) 

where A/?o is the change in anisotropy from FL-CDB3 only (lower limit value) to 
the mixture of FL-CDB3 and p53 core domain while A* n is the total change in aniso*opy 
on the n* addition. The concentration of complex between protein and unlabeled CE>B3 r 
pU]„ is detemuned from the total concentration of p53 core domain: 

[PU]n=[P]»*l -FW"^]* 

When [U] wal (the concentration of me unlabeled peptide) is in excess over 
CPj^the total protein concentration), we calculated the K A of the unlabeled CDB3 «g 
equation (2). 

Differed Seeing Calorimetry ma, also be used to de.ee. and/or 
binding. Diffemnual Scanning Calorimetry may be performed using memods known to 
those skffled m the art. to . suitable example, DSC experiments axe performed ^ a 
Microca. VP-DSC mlctocalorimeter (Microca., Amherst, MA). Tortures from5 
■C ate seined karate of 60 degm, using a Hepes buffer pH 7.2, . mMDTT wmch aU» 
served for baseHne measurements. Sarnies of wild-type and mumn. pS3 coredommn (6- 
, 15u M)m*epre S =neeorabsenceofFL-CDB30S- 8 OKM)in^.bovebufferare 

p IEp «d and then <#MI « -in prior to each experimem. A pressure^ p. 
0 56 atm) 1, applied to the cell. Tlte data is analysed using Origin software (Mtcroeal). 



21/11/2001 15:14 +4402380719800 DVOUNG PAGE 29/71 



r 



26 



Peptides, Polypeptides and proteins 



p^es.P^^ 



other. 



10 



15 



The term 'peptide' income* ■«* ° 

bas !e SS dran ,00 Wo acids, in aphonia* P"*~* « ^ ^ 
^^inap^-bodimem^it^less^SO^-d^ta. 

fi^er preferred embodirmm. it has less that 20 amine aeids. In a most preferred 
embodiment it has leas than 10 amino aeids. A polypeptide or proKin includes smgle- 
iTpeiypepnde moleenles as wen as mnldp.e-po^ide compiles .here mdrvdeai 
consdtuentpolypcptides are linked by covalent or non-eovalen. means. 

One skilled in the ar, will appelate ma, the particular amino aeid composition of 

bound. Amino aeids may be naturally occurring or synthetic. Those akrUed m the ax, wrll 
be awaie of suitable sources of amino acids. 

A polypeptide (including a peptide smbilising molecu!.) may ba generated using 
— JZ. *eh art. be known to those skilled in the art. Ahemedve* .* may be 
gterated Emm namraUy oconring or synthetic promina, and/or polypeptrfcs. ^ 

ILnade and/or chemica! digestion, using methods familiar ,0 those akalled m the art. 
Those skilled will be aware of other suitable methods of degradatron. 

The mrm -peptide- in the context of dris document, also includes witmn to scope, 
derivatives and variants thereof, as herein described. 
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Examples of derivatives include peptides which have undergone post-translattonal 
modifications such as the addition of phosphoryl group, It may also include the add-on 
of one or more of the ligand* selected from the group consisting of: phosphate, amme, 
amide, sulpha*, sulphide, biotin, a fluorophore, and a chromophore. One skilled in 
will appreciate that this list is not intended to be exhaustive. In a preferred embodiment of 
this aspect, a stabilising molecule which is a peptide is derivitised using a fluorophore. In 
an especially preferred embodiment, the fluorophore is fluorescein. 

The terms "variant" or "derivative" in relation to the amino acid described here 
includes any substitution of, variation of, modification of, replacement of, deletion of or 
addition of one (or more) amino acids from or to the sequence. 

Variants of the peptides described here are likely to comprise conservative amino 
acid substitutions. Conservative substitutions may be defined, for example according to 
the Table below. Amino acids in the same block in the second column and preferably m 
the same line m the third column may be substituted for each other: 



15 



ALIPHATIC 


, - ,j ■-— 1 i 

"Non-polar 


GAP "1 






Tlv 1 




polar - uncharged 


CSTM 
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Polar - charged 


DE 






KR 


AROMATIC 
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Peptide Synthesis 



Peptides may be synthesised using methods.known to those skilled in the art A 
typical procedure is detailed below: 
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Peptides may be synthesized using a 432A Synergy peptide synthesizer (Applied 
Easterns (ABI)). Protected Wo acid derivatives, reagents and solvents may be 
purchased from ABI, except for Fmoc-Ser<PO(OBzl)OH)-OH, which can be purged 
from NOVAbiochem. Standard Fmoc chemistry can be employed, with coaling agents 
HBTU/HOBt The peptides can be cleaved from the resin using a mixture of 
trifluoroacetic acid: Tribopropylsilane: water 90:5:5, precipitated in cold ethyl ether, 
washed 3 times with cold ethyl ether, dissolved in water or in a mixture of 
water.acetonitrile L:l and lyophilized. 

The peptides can he purified using reverse-phase HPLC (Waters 600 equipped 
with a 996 PDA detector). The column may be apreparativc reverse phase CS column 
(Vydac) and the gradient is 100%A to 100%B in 35 min (A = 0.1 WTFA in water, B - 
95% acetonitrile, 5% water, 0.1STPA). The purified peptides are characterized by 
MALDI-TOF MS and had the expected M W - 

For biotirrylated peptides, the hiotin may be coupled to the N-teraiinus through its 
carboxylic acid group during the solid-phase synthesis. The same conditions may be 
applied for the hiotin coupling as for the coupling of the protected ammo acids, except that 
it is repeated twice in some cases. Proteins and peptides may also be purchased 
commercially; for example, fluorescein-labeled CDB3 is purchased from Dr Graham 
Bloomberg (University of Bristol, UK). 

, Methods of protein and polypeptide synthesis are known in the art and are 

described in for example, Maniatis eft al. For example, proteins such as human P 53 core 
domain wild-type and mutants (residues 94-312) and human tetrameric P 53 (residues 94- 
360) may be cloned, expressed and purified using methods familiar to those skilled m the 
art, in particular those described previously (Bullock « 1997). "N-iabelled human p53 
domain may be produced as described previously (Wong et al> 1999). 



25 core 
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Uses of Stabilising Molecules 

We further describe a composition comprising at bast one or more stabilising 
molecules and a pharmaceutical^ acceptable carrier, diluent or exipient 

Stabilising molecules, which are preferably peptides, and compositions described 
here may be employed fox in Ww> therapeutic and prophylactic applications, in vitro and m 
vivo diagnostic applications, in vitro assay and reagent applications, and the like. 

Therapeutic and prophylactic uses of the stabilising molecules and compositions 
described here involve the administration of the above to a recipient mammal, such as a 
human. 

The term "prevention" involves administration of the protective composition prior 
tome induction of the disease. "Suppression" refers to administration of the composition 
after an inductive event, but yr hs cJMsaj abearance of the disease. 'Treatment- 
involves adrninistration of the protective composition after disease symptoms become 
manifest. 

Animal model systems which can be used to screen the effectiveness of the 
selected stabilising molecules Or peptides or compositions in protecting against or treating 
the disease are available and will be famUiar to those in the art. .. . 

Generally, the stabilising molecules, peptides or compositions will be utilised in 
purified form together with pharmacologically appropriate carriers. Typically, these 

20 carriers include aqueous or alcoholic/aqueous solutions, emulsions or suspensions, any 
including saline and/or buffered media. Parenteral vehicles include sodium chloride 
solution, Ringer's dextrose, dextrose and sodium chloride and lactated Ringer's. Suitable 
physiologically-acceptable adjuvants, if necessary to keep a polypeptide complex in 
suspension, may be chosen iom thickeners such ascarboxymcthylcellulose; 

25 polyvinylpyrrolidone, gelatin and alginates. 
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ravenous vehicles include fluid and nutrient «pl=^ ■* *-*» 
.ep.enishers, such as tirose based on dextiose. Preservatives arrd other 

.1 as antimicrobials, antioxidant chelate ageots and inert gases, may *> be present 
(Mack (1982) JUanr*™* Pharmaceutical Selves, 1 64 Edmon). 

The selected stabilising molecules deaaribed hera may be used aa aeparataly 
administered compositions or in conjunction with ether agent, These ean include vanous 
immunotberapeutie drugs, aueh aa cylcosporine, methotrexate, adriamycin « 
m d immunotoxins. Pharmaceutical compositions ean include "cucktails" of vancua 



„ Tie route of adminiamtion of pharmaceutical compositions ma, be any of those 

commonly know to those of ordinary skill in the art For therapy, include wrthout 
femMion immunotherapy, the selected stabilising moleeulea or compositions ean ha 
sntoJ m St e K d to any patient in accordance with standi techniques. Tne adnnnistrauon 
m be ty any appropriate mode, including parenteral, intravenoualy, toxainuscularly, 

,5 imraperitonerfly, transdermal*, * the pulmonary route, or also, appn.pria.ely, by duec. 
ta^inn with a catheter. The doaage and fluency of administration wiU depend on the 
age sex and condition of the patient, concurrent admlnisttation of other drugs, 
couuterindications and other parameteta to be taken into account by the d» 

The selected stabilising molecules, peptides or compositions ean be lyophUiaed for 
20 storageandteconstitu^dinasultablec*^ 

^constitution techniques can be employed. It will be appreciated by those skuled .ft. art 
rha. lyophnlsation and ^constitution can lead to varying degrees of functional aevrty loss 
and that use levels may have to be adjusted upward to compensate. 

Thecompositions containing tire stabilising molecules or a cocktail .hereof can be 
2S Ministered for prophylactic and/or therapeutic treannents. In certain therapeuuc 

mutation, killing, or some ottor measurable parameter, of a population of select ceUs 
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is defined as * ^herapeutically-effective dose". Amounts needed to achieve this dosage 
will depend upon the severity of ft. disease and the general state of the patient's own 
immune system, hut generally range from 0.005 to 5.0 mg of selected peptide or other 
stabilising molecules kilogram of body weight, with doses of 0.05 to 2.0 mg/kg/dose 
being more commonly used. For prophylactic applications, compositions contammg the 
present selected stabilising molecules or cocktails thereof may also be administered m 
similar or slightly lower dosages. 

Stabilising molecules and/or compositions can be used in the treatment of any 
disease where errors in protein conformation, folding and aggregation contribute to the 
disease. Examples include cancer, cystic fibrosis and neuro-degensration. In a particularly 
preferred embodiment, the disease is cancer. One skilled in the art will appreciate mat thus 
list is not intended to be exhaustive. 

Stabilisation o f p53 

In a highly preferred embodiment, we provide a stabilising molecule capable of 
1 5 stabilising the native state of a p53 polypeptide. 

This preferred stabilising molecule is a polypeptide, and comprises a 9 ammo-acid 
residue peptide, having the sequence FEDEDEIEW-NH 2 . This peptide is referred to as 
CDB3. We also provide a fluorescein-labeled derivative of CDB3. (FL-CDB3) which can 
bind and stabilise p53 core domain. 



10 



20 



25 



CDB3 is derived from the P 53 binding polypeptide 53BP2 and consists of residues 
490-498 of that protein. Resides 490-498 constitute one of the P 53 binding loops in the 
protein. The most striking properties of FL-CDB3 are its abilities to: (1) stabilise P 53 core 
domain, as shown by raising its apparent melting temperature, and (2) induce refolding of 
reversibly denatured P 53 core domain. Thus, a small peptide can Stabilise P 53 core domain 

simply by binding its native state but not the denatured state and shifting-the eqmhbnum 

towards the native form. 
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POIATJEFTIDE TARGET SITE 

It may be necessary to iden^^^ 
polypeptide to be stabilised. This may be done in various ways as know in the art 

Structure characterisation of the CDB3 binding site within the P 53 core domain is 
5 a key point, since this sit, might serve as a specific target for core domain stabihsmg 

ra otecul e . The CDB3 binding site, as mapped by NMR chemical shift analysis, is seated 
at the edge of the DNA-binding site and consi S ts of three structural elements (loop 1, helix 
2 and the edge of strand 8) which are remote sequentially but close spatially. The 
advantage of this site as . general target for p53 -stabilising molecule, is its location m 
vo proximity to the DNA binding site, enabling a local stabilising effect in that site. Indeed, 
chemical shift data shows the difference between the effects of DNA binding and CDB3 
binding. CDB3 binding generates a strong localized effect on the DNA-bmding site withm 
p53 core domain, while the chemical shift pattern upon DNA binding is significantly 
different, with shifts that are not as localized but are rather spread throughout the wbole 
.15 protein structure. 

An intriguing observation is that CDB3 does not bind p53 core domain in fee same 
location as the parent loop in the 53BP2 protein (Gonna and Pavletich, 1996). The original 
53BP2 loop binds fee core domain between helix 2 and loop 3, with Trp498 of S3BP2 
making contacts mainly wife loopS of P 53, and fee carboxylic acid side chains of S3BP2 
20 making contacts wife P 53 Arg273 (a DN A-binding residue located in strand 10, close to 
helix 2) (Gorina and Pavletich, 1 996). The CDB3 binding site might also be an additional 
binding site for 53BP2, and the two alternative binding sites might have aregulatory role. 
The observation that CDB3 and the original 53BF2 loop bind p53 at different sites ought 
also be explained by the partly electrostatic nature of the interaction. Owing to its high 
25 negative charge, CDB3 as a free peptide might act partly as a negatively charged "DNA- 
mimic", which binds fee positively charged surface of fee DNA-binding site. 
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RESCUE OF P53 CORE DOMAIN MUTANTS 

CDB3 is found to bind two p53 core domain hot-spot mutants: G245S, which, is 
weakly destabilised (Bullock et ah, 2000), and R249S, which is distorted in the DNA 
binding region (Bullock */ al., 2000; Wong et al., 1999). FL-CDB3 affinity to the G245S 
5 mutant, which is folded almost as the wild-type (Bullock et al., 2000), is the same as for. 
the wild type. Binding to the R249S mutant, which is more destabilised, is weaker (but 
still in the low micTomolar range). In addition CDB3 binds to a particular P 53 core mutant 
(195-0 which is highly destabilised. The mutation in this mutant is not in one of the 
typical oncogenic hot-spots. 

10 The observation that CDB3 binds mutants raises the possibility that such 

compounds can be used to rescue such mutants by stabilising them. Since their general 
mechanism of action is simply binding the native state and shifting the equilibrium, 
CDB3-like compounds could be used for the rescue of weakly destabilised (e.g. G245S) 
and globally unfolded (e.g. V143A) mutants that are unable to bind DNA (see below). The 

15 application of CDB3 for the rescue of locally distorted mutants, such as R249S, depends 
on the specific binding mode of the peptide as weU on the specific distortion caused by the 
mutation, hi general, locally distorted mutants require more specific molecules, which 
alter the conformation near the distorted site. We demonstrate that it is possible for R249S: 
FL-CDB3 stabilises it since it binds in proximity to the distortion site (near loops 2 and 3 

20 . in the DNA binding site and see Wong et al., 1999). FL-CDB3, which binds the DNA 
binding site at its edge, might contribute to a local conformational change at this site of 
distortion- 

The mode of action of CDB3 is different from that of the previously reported p53 
C-terminal peptides. CDB3 stabilises p53 by binding ite native but not its denatured state, 
25 while the C-terminal peptides specifically regulate the activity and the DNA binding of 
p53 core domain (Abarzua et al., 1996; Hupp et al., 1995; Selivanova et a!., 1997; 
Selivanova et aU 1999). CDB3, and especially its. labeled.derivative FL-CDB3, are lead 
compounds, and they can be used as a basis for the future design of peptides and" small 
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molecule, that have a larger stabilising effect on p53 core domain. Peptides such as CDB3 
cannot be used to rescue DNA contact mutants- Other strategies, which involve 
introduction of residues or small molecules that contribute the missing interactions, should 
be used for rescue of these mutants. 

5 Examples 

The invention is further described, for the purposes of illustration only, in the 
following examples which are in no way limiting of the invention. 

These examples relate to the isolation and identificaiton of a stabilising molecule 
CDB3, which is capable of binding the tumour suppressor protein p53 near its DNA 
10 binding site, and stabilising the native form of the protein. 

The inherent drawback of using a natural binding site for a drug is that it competes 
with the natural ligand. Thus, it might be thought that the competition between DNA and 
CDB3 peptide would preclude it from being of use as a lead compound. But this need not 
be so. Since the binding of DNA itself stabilises P 53 core domain, and it binds very 
15 tightly, stabilisation by a peptide such as CDB3 is needed only for mutants where DNA 
binding is impaired because mutant P 53 is in denatured conformation. Once the protein 
has bound DNA, the peptide is not needed any more. 

The ability of CDB3 to induce refolding of p53 core domain, together with the 
observation that DNA can displace it from P 53, led us to propose the a "chaperone" 
mechanism for rescuing a denatured oncogenic protein (Figure 7c): CDB3 tends only the 
native state of the oncogenic protein which is able to bind DNA, probably immediately on 
biosynthesis, and therefore shifts the equilibrium towards the native state. Then DNA can 
bind the protein, displacing the peptide, which is free again to bind another protein 
molecule. Further, the peptide binds equally well to a monomer of pf 3 and the tetramer. 
but DNA binds far more tightly to the tetramer because of cooperativity (unpublished), 
thus allowing DNA to displace the drug more easily . 



20 
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Example 1. Design of Potential P53 Core Domain Binding Peptides 

Peptides that bind the native state of p53 core domain can be derived from p53 
binding proteins. A rare example of a complex of aprotein bound to p53 that has been 
solved at high resolution is fee p53 core domain-53BP2 complex (Gorina and Pavietich, 
S 1996). 53BP2 is a p53 binding protein (Iwabuchi et al, 1 994) that enhances p53-mediated 
transactivation, impedes cell cycle progression and induces apoptosis (Iwabuchi et al, 
1998; Lopez et al, 2000). 53BP2 binds p53 core domain in its DNA binding site, with 
three of its loops making me contacts with p53 (Gorina and Pavietich, 1996)(Rgure 1). 
Three peptides corresponding to these three loops are synthesized and tested (Core 
10 Domain Binding (CDB)l -3, see Table 1). 

A second potential source for core domain binding peptides are sequences within 
P 53 itself that bind the core domain and regulate its activity. Two such regions within P 53 
are the C-terminal domain (amino acids 363-393) (Bayle et al, 1995) and the proline-rich 
domain (amino acids 54-94) (Mullcr-Tiemaim et al., 1998). Several overlapping peptides 

15 corresponding to both regions are synthesized (CDB4, 7-10 in Table 1). Since Ser378 
within the C-terminal domain is known to undergo phosphorylation (Takenaka et al, 
1995), phosphopeptides derived from this region are synthesized as well (CDB5, 6 in 
Table 1). The C-terminal and the proline-rich domains can bind the core domain only in 
presence of each other (Kim et al, 1999), and thus a fusion peptide between these 

20 domains is also designed (CDB1 1 in Table 1 ). 

Screening of the CDB pe ptide* forbii^i"fl core domain 

Initial screening for binding of the peptides to P 53 core domain are made using 
heteronuclear NMR spectroscopy to monitor any changes in the backbone ] H and 1? N 
resonances of ,5 N labelled P 53 core domain (Wong et al, 1999). Chemical shift changes 
25 are observed only with CDB2 and CDB3, implicating binding of only these peptides to 
p53 core domain (Figure 2). 
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To estimate the peptides' affinity for p53 core domain, surface plasmon resonance 
can be used. Peptides CDB1, 2, 3, 9 and 1 1 are re-synthesized with a biotin label attached 
to their N-terminus. The biotmylated peptides are immobilized onto a streptavidin (SA) 
sensor chip, p53 core domain (7.2 pM) is injected, and the binding is monitored using a 
5 BIAcore instrument. The relative response for the different peptides, corrected for the 
control flow channel (SA chip with no peptide immobilized), is shown in Figure 3a. P 53 
core domain had the tightest binding to CDB3, in good agreement with the NMR data 
which showed that P 53 core domain bound CDB3 better than CDB2. There is no 
significant binding to CDB1 or CDB9. 

10 Example 2. Characterization of CDB3-P53 Core Domain Binding 

Surface plasmon resonance can be used to measure the CDB3-p53 core domain 
binding constant quantitatively. Biotmylated CDB3 is immobilized on a SA sensor chip, 
and ;p53 core domain (0.02-2uM) is injected (Figure 3b). The concentration of P 53 core 
domain for 50% binding is estimated to be 200 nM. 



25 



Chemical shift differences between the spectra of the bound and unbound p53 core 
domain are used to identify the site in p53 core domain whete CDB3 bound. Changes of 
backbone 'H-^N resonances for each residue between the bound and the unbound States 
are shown in Figure 4a. Chemical shift changes are found mainly in loopl, helix 2 and 
strand 8 (colour coded blue and purple in Figure 4b), which are located at one edge of the 
DNA binding site. Chemical shift changes in presence of CDB3 are also observed for two 
residues in helix 1 , but these do not define a binding she but are probably due to a weak 
non-specific interaction. It appears that CDB3, as a free peptide (colour coded red in 
Figure 4b), bound p53 core domain in a different location from that of the original loop 
within 53BP2 (Gorina and Pavleticb. 1996). It binds loopl „ strand 8 and helix2 that are at 
the edge of the DNA binding site, rather than its original place in the middle of the DNA- 
binding site that consists of loop3 and the other side of helix2. 
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Fluorescence anisotropy titrations may be used to determine the dissociate 
constant for the p53 core domain-CDB3 interaction at 10 «C P 53 cor. domain is ntrated 
into fluorescein-labeled CDB3 (FL-CDB3) and changes in anisotropy of the labeled 
peptide (Figure 5a) as well as the total fluorescence at 525 nm are monitored. The untral 
anisotropy value for the labeled peptide is 0.04, and the limiting value for the FL-CDB3- 

P 53 core domain complex is 0-20. The binding curve is fitted to a 1 :1 simple equihbnum 
model, and the K* is found to be 0-53 * 0.09 m (Table 2). In order to confirm that CDB3 
binds tetrameric P 53 , and not only isolated core domain (residues 94-3 1 2), K d for the 
binding to the tetrameric P 53 construct (p53 94^360) is determined in the same way and » 

found to be 0.77 ± 0.09uM. 

Example 3. Binding of Fluorescein-Labeled Peptides 

To determine whether attaching different labels (fluorescein and biotin) to CDB3 
N-terminus alters K* the dissociation constants for the unlabeled peptide in competition 
experiments by two independent methods can be measured: competition BlAcore (Fagure 
3c)- and anisotropy (Figure 5b). The unlabeled peptide had a K, of 37 uM (Table 3). 
Biotinylation of the N-terminus improved the affinity (compared to the unlabeled peptrde) 
three-fold for solution measurements «rl2" uM, see Figure 5b and Table 3) and even 
m ore for the immobilised sample - BlAcore assays (K<f=0.2 uM, see Figure 3b). Perhaps 
fte unsubstituted peptide is bound more weakly because of the electorstatic r^on 
• • between the positive charge on its N-terminal -amino group and the positively charged 
protein surface Alternatively, fluorescein itself could improve the affinity. 

.rriR^ ^ilises r>53 60S ™* ™ ises its appargaLZr, 

Differential scanning calorimetry (DSC) is used to detect stabilisation of P 53 core 
domain by FL-CDB3. The thermal denaturation of P 53 core domain is irreversible, and 
> thus only an apparent melting temperature (T m ) can be determined (Bullock at al., 1997), 
but-increase in stability can be correlated with increase in the apparent T m . All DSC 
raeaS urememsarecar^ 

the apparently of wild-type P 53 core domain is 40.1 «C. T m increased by 1.5 degreesm 
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presence of the peptide FL-CDB3 (Figure 6a), showing a stabilising effect of the peptide. 
The apparent T m of the mutant R249S is 34.9 °C, which increased to 35.9 °C in presence of 
the peptide. The signal for the R249S mutant is weaker due to increased aggregation of the 
protein. The unlabeled CDB3 at the same concentrations did not induce a shift in T m (not 
shown). 

Example 4, FL-CDB3 Binds the Native, and Not the Denatured, State of P53 Core 
Domain 

FL-CDB3, as a peptide that stabilises P 53 core domain, binds the native, but not 
the denatured state. It should bind "wild-type-like" folded and stable mutants with a 
similar affinity to that of the vol* type, but bind partly unfolded and distorted mutants with 
a lower affinity. The binding of FL-CDB3 to two P S3 core domain mutants is measured: to 
G245S, which is 95% folded at 37 a C and is destabilised by 1 -21 kcal/mol at 1 0 °C; and to 
R249S which is 85% folded at 37 °C, is distorted and is destabilised by 1.92 kcaymol at 10 
°C (Bullock et al» 1997; Bullock * a!., 2000). At 10 °C both mutants are expected'to be in 
a native-like conformation. K a values at this temepiature, from fluorescence anisotropy, 
(see Figure 5a) are 0.57±0.Q9uM for G245S and 3-3±0.5uM for R249S, indicating weaker 
binding of the more destabilised mutant. 

To confirm that FL-CDB3 binds the native and not me denatured state of p53 core 
domain, we repeated the fluorescence anisotropy titrations in presence of increasing urea 
concentrations (Figure 6b). p53 core domain is incubated overnight in different urea 
concentrations, and is titrated into FL- CDB3 which is dissolved in the same urea 
concentration A plot of log K* v S . urea concentration (Figure 6c) showed that the binding 
weakened with increasing urea concentrations, where more of the protein becomes 
unfolded. Quantitative analysis indicated that urea also weakened the binding of the 
25 peptide to the native p53 core domain (not shown). 
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Example 5. FL-CDB3 Induces Refolding of P53 Core Domain 

The ability of CDB3 to refold a partly denatured P 53 core domain is determined 
using fluorescence anisotropy. p53 core domain is incubated overnight at 10 "C in 3 M 
urea, under which conditions it is predominantly denatured. Then it is mixed with FL- 
CDB3 in 3 M urea, and the changes in anisotropy over time are monitored (Figure 6d). 
The initial anisotropy value for the labeled peptide is 0.04. Upon mixing the peptide with 
p53 core domain a rapid binding event takes place, leading to the formation of a FL- 
CDB3^p53 core domain complex. The anisotropy values for the complex following 
preincubation overnight with 3 M urea are 0.06-0.07, faf below the limiting anisotropy 
value for the bound complex at these FL-CDB3 and p53 core domain concentrations (no 
urea), which is 0.17 (estimated from Figure 5a), because under these conditions most of 
the protein is denatured and did not bind the peptide. There is an increase in the anisotropy 
over time, as the peptide induced protein refolding by mass action (Figure 6d). On mixing 
p53 core domain and CDB3 (5 uM each) with 3 M urea without preincubation overnight, 
unfolding took place reaching the same endpoint. Overall, CDB3 induced refolding of P 53 
core domain and in its presence the equilibrium shifted towards the native state. Urea 
weakened the binding to the native structure so that the stabilising effects in 3 M urea are 
not as pronounced as they would be in water alone. 

Example 6. DNA Competes with FL-CDB3 for P53 Core Domain Binding 

From the NMR data (Figure 4) it seems that CDB3 binds p5 3 core domain at the 
edge of the DNA binding site, suggesting at least a partial overlap between the two 
binding sites. We have measured the competition between the binding of FL-CDB3 and 
gadd4S DNA to p53 core domain using fluorescence anisotropy. DNA (5-25uM) 
displaced the peptide completely from the binding site, indicating overlap between the 
DNA and peptide binding sites (Figure 7a). When p53 core domain is titrated into a 
mixture of CDB3 and DNA, only binding to DNA but not binding to the peptide could be 
determined (not shown). 
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To get more structural infoimation riding CDB3 versus DNA binding, we used 
heteronuclear NMR spectroscopy. An HSQC spectrum of P S3 core domain in presence of 
12-mer consensu DNA sequence is taken, and the DNA site is mapped using chemical 
shift analysis, exactly as done for the CDB3 binding site. Chemical shifts in presence of 
the DNA are distributed throughout the whole protein, and can be found in the DNA 
binding site as well as in the beta-sandwich. Significant shifts can be observed, for 
-example, for residues in loop LI (S121). Strand S10 (R273, R274), L3 (M237, S241), L2 
(C176), S4 (A159). S6 and S7 (R202, V216, Y220), the hinge between S9 and S10 (L257, 
D259), and helix H2. Overall, there is a significant difference in the chemical shift pattern 
upon binding CDB3 and DNA. The CDB3 site is well localized to the H2-LI-S8 region, 
especially in LI, while the DNA binding affects the conformation of different regions 
throughout the protein-binding. 

Example 7 CDB3 restored sequence specific DNA binding to the highly destabilized 
p53 mutant I195T 

We tested whether CDB3 can restore sequence-specific DNA binding activity to p53 core 
domain mutants by observing its effect on the p-sandwich mutant I195T, which is highly 
destabilized by 4.1 kcal/mol (Bullock et al, 2000) and has poor binding affinity. I195T 
(lOuM) was incubated for 1 h at 10 °C in presence of CDB3 (lOOpM) (or its absence) and 
titrated into Fluorescein-labelied Gadd-45 DNA in presence of the same peptide 
concentration. In the absence of peptide, I195T bound Gadd45 DNA with * d = 6 K uM (Fig. 
7b). After incubation with CDB3, the binding improved Six fold, and K* was 1 uM, which 
is close to the value of 0.8 uM for wild type. As expected, CDB3 did not affect DNA 
binding of the completely native wild-type P 53 core domain (not shown). 

To confirm that the restoration of DNA binding is sequence-specific, we repeated 
the experiments with the random double stranded DNA sequence fluorescein- 
AATATGGTTTGAATAAAGAGTAAAGATTTG, Binding of I195T to this sequence 
was very weak, and was not improved, but rather inhibited, by the peptide (not shown). • 

All publications mentioned in the above specification are herein incorporated by 
reference. Various modifications and variations of the described methods and system of 
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the present invention will be apparent to those skilled in the aft without departing from the 
scope and spirit of the present invention. Although the present invention has been 
described in connection with specific preferred embodiments, it should be understood that 
the invention as claimed should not be unduly limited to such specific embodiments. 
Indeed, various modifications of the described modes for carrying out the invention which 
axe obvious to those skilled in biochemistry and molecular biology or related fields are 
intended to be within the scope of the following claims. 
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Table i; The peptides tested for binding p53 core domain 



Peptide derived from sequence 



Peptides derived from 53BP2 

CDB). 53 BF2 422-428 MTYSDMQ-NH 2 

5 CO&2 53BP2 469-477 YEPQNDDEL-NH 3 

CDB3 53BP2 490-498 REDED£IEW-NH 2 

Peptides derived from p53 

cpB4 P 53 5 1-1 00 TPAAPAPAPSWPLSSS VPSQ-NH, 

CDB 5 phospho-Ser378- LKSKKGQSTpSRHKKl--MH 2 

10 p53 369-383 

c DB $ P hospho^S«r378- GSRAHSSHLKSKKQQSTpSR- 

p53 361-383 -HKKL-NH, 
CDB 7 p53 369-383 LKSKKQQSTSRHKJCL-NHj 

CDB8 P 53 36 1.383 QSRAHSSHUCSKKOQSTSRr 

15 -HKKL-NH 2 

cr>B9 p53 81^4 TFAAPAPAPSWPLS-NH 2 

CDB10 p53 76-94 A?AAPTPAAPAPAPSWPLS-NH a 

CDB 1 1 flision p53 82-94 PA APAPAPSWPLSGGLKSKKG- 

and 369-383 with ~Q ST5 RHKKL-NH 2 

20 a GG linker 
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Tabfe 2; Dilation constants (*„> tor binding of FL-CDB5 to wild-type (WT) and rautaat p53 l 



Protein 



conditions K * (M'M) 



5 WT care (94-312) 

WT core 4- tet (94-363) 0,77 ± 0 .09 

WTcore 4 M urea 61 ± 10 

WTcore 2MGdmCl ^1000 

10 G245S(94-312) O.57a=0.09 

G245S (94-312) 4 M urea 39 ±4 

G245S (94-312) 2 M Gdm CJ >10(>0 
R249S (94-312) 3.3 ± 0.5 



0.53 ± 0.09 



15 ' K* values are determined from the anisotropy and fluorescence at 525 nm following titration of P 53 into . 
fluorescein labelled CDB3 . 
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Table 3: Dissociation constants (iC d ) for CDB3 variants binding to p53 core domain 



FL-CDB3 1 0.53 i 0.09 

Unlabeled CDB3 2 37 * 4 

Biotinylated CDB3 2 12 * 1 

Immobilized biotioylated 

Fluorescein >100 ° 

Unlabeled CDB3 4 , 20 °C 50 i 9 



1 Determined by fluorescence anisotropy (see Table 1) 

2 Determined by anisotropy experiment, in competition with fluorescein labeled CDB3- 

15 3 Binding to immobilized peptide S3 determined from h?lf saturation concentration by Bl Acore 
4 Determined by competition BIAcore at 20°C. 
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Claims 

1 A method of stabilising the native state of a polypeptide, the method comprising 
exposing the polypeptide to a stabilising molecule capable of binding to the polyp.pt.de at 
a site which at least partially overlaps a functional site in its native state. 

5 2 A method according to Claim I, in which the polypeptide is reversibly denatured 
such that it exists in a native state and a denatured state, in which the stabilising molecule 
• does not bind to the polypeptide in its denatured state. 

3. A method of increasing the concentration of a native state of a reversibly denatured 
polypeptide in a system, in which the system comprises the polypeptide in a first native 
10 state and a second denatured state, the method comprising: 

(a) providing a stabilising molecule which binds to the polypeptide at a site which 
at least partially overlaps with a functional site in the first native state and thereby 
stabilising the first native state of the polypeptide; and 

(b) allowing the stabilising molecule to bind to the polypeptide. 



15 



4 A method of restoring a wild type phenotype of an organism comprising a 
mutation in a polypeptide, in which the mutation leads to denaturation of the polypeptide 
and a mutant phenotype, the method comprising exposing the organism or part of the 
organism to a stabilising molecule which binds to the polypeptide in its native state at a 
site which at least partially overlaps a functional site and thereby stabilises the native state 

20 of tiie polypeptide. 

5 A method of treatment of a disease in a patient, in which the disease is caused by 
or associated with a mutation in a polypeptide which leads to denaturation of the 
polypeptide, the method comprising administering to the patient a stabbing molecule 
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which binds to the polypeptide at a site which at least partially overlaps a functional site m 
its native state and thereby stabilises the native state of the polypeptide. 

• 6. A method according to any preceding claim, in which the stabilising molecule is 
not a natural binding partner of the polypeptide. 

5 . 7 . A method according to any preceding claim, m which the stabilising molecule 
consists of a fragment of a natural binding partner of the polypeptide. 

8. A method according to any preceding claim, in which the stabilising molecule is a 
polypeptide engineered to include a polypeptide binding domain, preferably a binding 
loop, of a natural binding partner of the polypeptide. 

10 9. A method according to any preceding claim, in which the stabilising molecule is 
exposed to polypeptide or the system in presence of a natural binding partner of me 
polypeptide. 

10. A method according to any preceding claim, in which the affinity of binding 
between stabilising molecule and the polypeptide or site is less than the affinity of a 
natural binding partner of the polypeptide and the polypeptide or the binding site. 



15 



20 



11. A method according to any preceding claim, in which binding between the 
stabilising molecule and the binding site stabilises the polypeptide to enable binding 
between the polypeptide and a natural binding partner. 

12 A method according to any preceding claim, in which binding between the 
polypeptide and the natural binding partner stabilises the native state of the polypeptide. 

13. A method of assisting the binding between a polypeptide and a natural binding 
partner for the polypeptide, the method comprising stabilising a native state of the 
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polypeptide by a method according to any preceding claim, and exposing the stabilised 
polypeptide to the natural binding partner. 

14. A method of assisting the binding between a polypeptide and a first molecule, in 
•which the polypeptide exists in a native state and a denatured state, the method 
compnsmg: 

(a) providing a second stabilising molecule capable of binding to a site which at 
least partially overlaps a functional site in the native state of the polypeptide; 

(b) allowing the second stabilising molecule to bind to the polypeptide to form a 
complex and thereby stabilising the native state of the polypeptide; 

(c) exposing the polypeptide and bound second stabilising molecule complex to the 
first molecule; and 

(d) allowing the first molecule to bind to the polypeptide and thereby displacing 
the second stabilising molecule. 

15. A method according to any preceding claim, in which the functional site comprises 
15 or at least partially overlaps with a structural domain, a protein binding domain, a nucleic 

acid binding domain, or an active site of an enzyme. 

16. A method according to Claim 15, in which the functional site is essential to the 
structure or activity, or both, of the polypeptide. 

17. A method according to any preceding claim, in which the polypeptide comprises 
20 an oncogenic protein or a tumour suppressor protein. 



10 



18. 



A method according to any preceding claim, in which the polypeptide is p53. 
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19. A method according to any preceding claim, in which the polypeptide is p53 
which comprise, a mutation, pxeferably R175H, G245S, R248Q, R249S, R273H and 
R282W and I19ST in which tha mutation leads to reversible denaturation of the 
polypeptide. 

20. A method acceding to any priding claim, in which the stabilising molecule 
comprises a CDB3 polypeptide having the sequence REDEDEIEW. 

21 A stabilising molecule which binds to and stabilises the native state of a 
polypeptide, but not a denatured state of the polypeptide, in which the stabilising molecule 
binds to a site which at least partially overlaps a functional site of the polypeptide, and m 

which the stabilising molecule does not consist of a natural binding partner of the 

polypeptide. 



15 



22- 



A stabilising molecule according to Claim 21, in which the polypeptide is pS3. 



20 



23 A stabilising molecule according to Claim 21 or 22, in which the polypeptide is 
P 53 which comprises a mutation, preferably R175H, G245S, R248Q, R249S, R273H, 
282W and I195T in which me mutation leads to reversible denaturation of the polypeptide. 

24. A stabilising molecule according to Claim 21, 22 or 23, in which the stabilising 
molecule comprises a CD&3 polypeptide having the sequence REDEDE1EW. 

25 A method of identifying a stabilising molecule capable of stabilising a polypeptide, 
in which the polypeptide may be reversibly denatured such that it exists in a native state 
and a denatured state, the method comprising the steps of: 

(a) providing a native state of the polypeptide comprising a functional site; 
Cb) exposing the polypeptide to a candidate stabilising molecule; 
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(c) selecting a candidate stabilising molecule which binds to the sire which at least 
partially overlaps a functional site of the native state of the polypeptide; and 

(d) determining whether such binding stabilises the native state of the polypeptide. 

26. A method of identifying a stabilising molecule capable of stabilising a polypeptide, 
in which the polypeptide may be reversibly denatured such that it exists in a native state 
and a denatured state, the method comprising the steps of: 

O) identifying a functional site of the polypeptide and providing a polypeptide 
fragment comprising the functional site; 

(b) selecting a candidate stabilising molecule which binds to the polypeptide 
fragment at a site which at least partially overlaps a functional site; 

(c) determining whether the selected candidate stabilising molecule stabilises a 
native state of a polypeptide. 

27. A method according to Claim 26, in which the polypeptide fragment comprising 
the functional site includes a binding site for a natural binding partner of the polypeptide. 

l5 28. A stabilising molecule capable of stabilising a polypeptide, which is identified by a 
method according to Claim 25, 26 or 27. 

29. A method according to any of Claims I to 20 and 25 to 27, or a stabilising 
molecule according to any of Claims 21 to 24 or 28, in which the stabilising molecule 
comprises a natural or derivatised carbohydrate, protein, polypeptide, peptide, 

20 glycoprotein, nucleic acid, DNA, KNA, oligonucleotide or protein-nucleic acid (PNA). 

30. A method or stabilising molecule according to Claim 29, which is derivatised wifla 
a sugar, phosphate, amine, amide, sulphate, sulphide, biotin, a fluorophore or a 
chromophobe. 
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3 L A method or stabilising molecule according to Claim 29 or 30, in which the 
stabilising molecule is derivatised using a fluorophore, preferably fluorescein 

32 A method or stabilising molecule according to any preceding claim, in. which the 
binding of a stabilising molecule to the polypeptide is detected using NMR spectroscopy, 
5 preferably heteronuclear NMR spectroscopy, fluoresecence anisotropy, surface plasmcn 
resonance, or Differential Scanning Calorimetry (DSC). 

33. A stabilising molecule according to any of Claims 21 to 24 or 28 for use inthe 
treatment of a disease. 

34 A pharmaceutical composition comprising a stabilising molecule according to any 
,o of Claims 21 to 24 or 28, together with a pharmaceutical* acceptable carrier, diluent or 
exipissit 

35. Use of stabilising molecule according to any of Claims 21 to 24 or 28 in the 
manufacture of a medicament for treatment of a disease. 

36. Use of a stabilising molecule according to any of Claims 21 to 24 or 28 in the 
1 5 treatment of disease, 

37 A method according to Claim 5, a stabilising molecule according to Claim 33 for a 
use as specified therein, or a use according to Claim 35 or 36, in which the disease xs 
cancer. 



c 
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ABSTRACT 
PEPTIDES 



u j * «*.wtidiui the native state of ft. polypeptide, the method 
We disclose a memod of stabilising trie nauve* r , 

• the polypeptide to a stabilising molecule capable of tautog to the 

compnsmgexposn^the po yp * site ia its native state. 

5 polypeptide at a site which at least paruauyuv v 
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